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Reduced glomerular filtration rate (GFR) and hypercalciuria in pri-
mary struvite nephrolithiasis. Struvite nephrolithiasis is caused by
infection with bacteria that possess the enzyme urease, and convert
urea to ammonia that raises urine pH and crystallizes with magnesium
and trivalent phosphate ion. Of the 75 of our 1431 stone patients with
struvite stones 52 were women. Struvite stones occurred almost exclu-
sively in women; a minority of women and most men had mixed stones
of struvite and calcium oxalate. Increased serum creatinine levels and
reduced creatinine clearance were common in patients with struvite
stones, not in those with mixed stones; both were rare in calcium stone
disease. Men and women with mixed struvite, calcium oxalate stones
were hypercalciuric, but women with struvite stones were not. Patients
with mixed stones usually had initial symptoms of stone passage, and
were less likely to need surgery, including nephrectomy, or to form
contralateral stones. Patients with struvite stones usually presented
with infection or no symptom, not passage. We conclude that struvite
stones occur in two forms. The struvite stone is a disease of women,
presumably occurring de novo from infection. The mixed stones occur
in both sexes, presumably from secondary infection in hypercalciuric
patients who begin with calcium—oxalate stone disease.
About 10 to 30 percent of renal stones are composed of or
contain struvite, a triple salt of magnesium, ammonium, and
phosphate that is produced in urine solely by bacteria that
possess urease and can hydrolye urea to ammonia [1]. Struvite
stones frequently fill the entire collecting system of the kidney,
taking on a branched 'staghorn' configuration [2, 3]. When
surgery is required because of obstruction, pain, bleeding, or
recurrent infection [4], postoperative recurrence rates are high
[4—7]. Struvite stones may cause reduced glomerular filtration
(GFR), whereas calcium stones rarely do [8—10].
Struvite stones are common in patients who need chronic
catheterization [11, 12] because of spinal cord injury, and those
with ureteral diversion, and congenital and acquired anatomical
abnormalities of the bladder and upper urinary tract [13].
Because such patients frequently have additional sources for
sepsis, such as bedsores and surgical wound sites, and receive
multiple courses of antibiotics that select for resistant orga-
nisms, prognosis is understandably poor.
Our concern here, however, is with patients who have no
known underlying urinary tract disease, nor have had prolonged
urinary catheterization, yet form struvite stones; we refer to
such patients as having 'primary' struvite nephrolithiasis. One
unresolved issue is the frequency and significance of hypercal-
ciuria; Resnick and Boyce found 13 of 44 patients with staghorn
stones were hypercalciuric [14], and many had struvite in their
stones. Furthermore, half of the struvite stones contained
calcium oxalate or calcium phosphate, as if calcium and struvite
stone disease both were present. Another issue is those aspects
of natural history of primary struvite nephrolithiasis which are
not fully known: occurrence of reduced GFR and hypertension,
rates of renal surgery including nephrectomy, rates of stone
regrowth and repeat surgery, and the development of a contra-
lateral new struvite stone. We report here our experience with
75 patients with primary struvite nephrolithiasis. Hypercalciu-
na is very common, and the natural history is complex and
dependent upon gender and stone composition.
Methods
Patients and normal subjects
Seventy—five of 1431 consecutive patients with nephrolithia-
sis we have studied between 1969 and 1984 have either had
stones that were analyzed and found to be composed of or
contain struvite; 29 patients had laminated staghorn calculi
whose appearances were typical of struvite and are not included
in this report. Men and women were subclassified as having had
either mixed (at least some stones contained calcium oxalate) or
struvite stones (with no admixed calcium oxalate), with and
without staghorns. Struvite means admixed calcium carbonate
salts, as this is an inevitable consequence of struvite crystalli-
zation [1, 3]. Accompanying diseases included primary hyper-
parathyroidism (3 patients), medullary sponge kidney (7 pa-
tients), prostatitis (2 patients), ureteral reflux (1 patient), and
renal tubular acidosis (3 patients). Five patients had a history of
uric—acid stone disease. Although several patients had been
catheterized briefly, patients with chronic urinary catheters,
ileal conduits, bladder outlet obstruction, neurogenic bladder,
short bowel syndrome, or chronic, inflammatory bowel disease
were excluded. One hundred and forty—three normal subjects
(82 men) and 985 patients (734 men) with common, calcium
oxalate stones were used for comparisons.
Protocol
Subjects were studied using a uniform, outpatient, clinical
and laboratory protocol [15], while eating a free choice diet. All
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Table 1. Influence of stone composition on serum creatinine, urine volume, calcium excretion and creatinine clearance
Men Women
Stone S. creat U calcium U volume S. creat CC. U calcium U volume
type mg/dl liier/24 hr mg/24 hr literI24 hr ,ng/dl /iterl24 hr mg/24 hr liter/24 hr
Normals 1.00 0.02 194 5 175 8 1.31 0.05 0.82 0.01 154 4 122 8 1.31 .09
CAOX 1.03 0.01 188 1 253 4C 1.60 002b 0.79 0.01 152 2 199 5'' 1.34 .04
Mixed 1.13 0.11 176 16 253 32 1.58 14 0.79 0.04 140 7 258 353l 1.53 23
Struvite 1.18 004bd 158 11k' 267 34 2.08 0.l5 0.96 004bd 132 7b 144 1.81 13
All 1.15 7 166 12 253 23C 1.78 011b 0.91 O.O3 132 0•5b 169 l3 1.73 11ad
Values are mean SEM; numbers of subjects; normal men, 82; men with calcium oxalate stones, 734; men with mixed struvite stones, 13; men
with struvite stones, 10; normal women, 61, women with calcium oxalate stones, 251; women with mixed struvite stones, 15; women with struvite
stones, 37; S. creat, serum creatinine, mg/dl; Ccr, creatinine clearance liter/24 hr; U, urine; CAOX, calcium oxalate stone formers; mixed, mixed
struvite and calcium oxalate stones; struvite, struvite stones; all, all struvite stones. Numbers of normals and calcium oxalate stone formers in text.
a differs from normal P < .05, b p < 0.01; C differs from CAOX P < 0.05, d p < 0.01; C differs from Mixed P < 0.05, P < 0.02
medications except supressive antibiotics were discontinued at
least two weeks in advance. The evaluation included a detailed
medical, social, family, and dietary history, physical examina-
tion, and a review of x-rays. Three or four 24-hour urine
collections were obtained for measurements of creatinine,
calcium, phosphate, uric acid, sodium, potassium, magnesium
and pH. Urinary oxalate and citrate were determined in patients
entering the study after 1978. Blood samples were obtained
between 8 and 9 a.m. at the conclusion of each collection for
determination of serum electrolytes, creatinine, uric acid, cal-
cium and phosphate levels. All measurements were compared
to those in normals, and calcium—oxalate stone formers; no
significant differences were present except for reduced GFR,
hypercalciuria and urine volume, which are presented here. In
particular urine sodium excretion was not different across
groups, within sex.
Treatment was conventional. Metabolic disorders were treated
[15]. Stones were removed for intractable pain, obstruction,
and clinically significant infection or bleeding. Surgery deci-
sions were with consulting urologists.
Laboratory methods
Calcium and magnesium were determined by atomic absorp-
tion spectrophotometry, sodium and potassium by flame pho-
tometry, oxalate by the zinc reduction method, citrate by the
citrate lyase [16] method, uric acid using uricase, and creatinine
and phosphate by autoanalyzer.
Statistical analysis
Statistical analyses were performed using standard methods
for digital computer [17]. t-Tests did not assume equal variances
in the tested groups. Differences of frequency were tested by
chi square using Yates correction. Life table analysis of surgical
events and stone recurrences was performed using the Breslow
and Mantel—Cox techniques; the former weighs the earlier, the
latter the later portion of the cumulative survival curve more
heavily. Means are all P values of <0.01 and below all
are shown as <0.01.
Results
Stone type, and symptoms
Stones in women were more frequently staghorn, struvite,
and manifested by infection, not passage. Among men, first
symptoms were stone passage [10] or pain [8], infection [4], and
hematuria [6]; one was symptomless. By comparison, 10 women
(P < 0.01 vs. men) passed stones, 28 (P < 0.01 vs. men)
presented with infection, and 10 had pain, 3 hematuria, and 1 no
symptoms. Staghorn stones occurred in 8 of 23 men, and 35 of
47 women with radiographs (P < 0.01); struvite stones occurred
in 10 of 23 men versus 37 of 52 women (P < 0.05). Staghorn
configuration and composition were independent: among men,
3 of 9 struvite stones were staghorns versus 5 of 13 mixed (P,
NS); among women 27 of 34 struvite stones were staghorns
versus 8 of 13 mixed stones (P, NS). The 23 men and 52 women
were of similiar ages at diagnosis (35 15 vs. 38 12) and
evaluation (44 13 vs. 43 13) respectively; a majority, 52 of
75, were women compared to only 251 of 985 patients with pure
calcium stone (P <0.01).
Reduced GFR and hypercalciuria
Reduced GFR. In both sexes, serum creatinine levels of
struvite stone formers exceeded those of normal subjects and of
patients with calcium oxalate stones (Table 1, Fig. I); the
increase occurred primarily in patients with struvite, rather
than mixed stones. Twenty—five such patients had serum cre-
atinine levels >2 SD above normal for sex. Of these, 24 had
staghorn stones and 11 had undergone nephrectomy (of 14
nephrectomies). Both men and women with struvite stones, but
not mixed, had reduced creatinine clearance (Table 1, Fig. 1).
Men with staghorn stones (not shown separately) had reduced
creatinine clearance of 130 13 liter/24 hr versus 183 15
without staghorn. In women, creatinine clearance was reduced
with or without staghorns in patients with struvite stones.
Hypercalciuria and Polyuria. Men and women with calcium
stones and mixed stones were hypercalciuric (Table 1, Fig. 1),
as were the few men with struvite stones; but women with
struvite stones were not. Men with staghorn stones (not shown
separately) were not hypercalciuric (175 25 mg124 hr), whereas
those without staghorns were (295 30 mg/24 hr), P < 0.01 for
both comparisons. In other words, staghorn stones, mixed or
struvite, were unassociated with hypercalciuria. Among women,
those with mixed stones were hypercalciuric and those with
struvite stones were not hypercalciuric and had reduced creat-
mine clearance whether or not the staghorn configuration (not
shown separately) was present. Daily urine volume exceeded
normal in women with struvite stones (Table 1), but not calcium
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oxalate stones. Urine volume exceeded normal in men with
calcium oxalate and struvite stones (Table 1).
Bloodpressure
Blood pressure of 65 patients with struvite disease (47 women,
18 men) and 85 randomly chosen patients with pure calcium
oxalate calculi (45 women, 40 men) were compared. Systolic,
diastolic and mean blood pressures were similar: struvite 130
3, 83 2, 100 1 mm Hg; calcium oxalate 131 2, 83 1, 99
2mm Hg; (P, NS). The frequency of hypertension, defined as
a diastolic blood pressure greater than 95 mm Hg, was 20% in
the struvite group and 15% in the calcium oxalate subjects (P,
NS).
Surgery. Ultimately, most patients required some form of
surgery (Fig. 2). Patients with struvite were at greater risk (46%
and 72% had surgery by 1 and 10 years, vs. 22% and 41% for
mixed, P < 0.02), as were patients with unilateral stone disease,
who had predominantly struvite staghorns. Nephrectomy rates
were relatively low compared to all surgery, though 14 of 75
patients eventually lost one kidney (Fig. 3). Patients who
presented with infection had a higher nephrectomy rate (22% at
10 yrs) than those who did not (13% at 10 yrs, P < 0.03). Rates
of surgery and nephrectomy were higher in patients who did not
present with stone passage (Figs. 2, 3); these were mainly
patients with struvite stones, and staghorn stones. There were
three repeat surgeries on the 15 kidneys initially stone—free after
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Fig. 2. Occurrence of urinary tract surgery in 75 patients with struvite
nephrolithiasis whose first symptom was (closed circles) and was not
(open circles) stone passage.
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Fig. 3. Occurrence of nephrectomy in 75 patients with struvite neph-
rolithiasis whose first symptom was (closed circles) and was not (open
circles) stone passage.
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Fig. 1. Serum creatinine levels (mg/dl) (A), creatinine clearance (liter
24 hr) (B) and urine calcium (mg/g creatinine) (C) andmen and women
with struvite and mixed stones. The bars represent mean I SD of
normal subjects studied in the same laboratory.
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Fig. 4. Development of a contralateral stone in 50 patients with
unilateral struvite nephrolithiasis whose first symptom was (closed
circles) and was not (open circles) stone passage.
surgery compared to 24 repeat surgeries on the 51 kidneys
which either had calcifications remaining postoperatively or
whose status was unknown (P < 0.04). Nephrectomy was the
initial surgery on 10 kidneys, and was the second surgery in 4 of
31 kidneys. Of the 25 patients with bilateral stone disease, 9
(36%) eventually underwent bilateral surgery.
Contralateral stones. Fifty patients had stones in only one
kidney when their first radiographs were obtained; eventually,
about 50% formed stones in the other kidney (Fig. 4). Patients
who did not present with stone passage were prone to contra-
lateral stones, whereas those who did pass stones were not.
Discussion
Even among these 75 patients who have otherwise normal
urinary tract anatomy, struvite nephrolithiasis caused more
morbidity than common calcium stones. The average serum
creatinine level was above normal, creatinine clearance was
reduced. Surgery, including nephrectomy, was common, as
was the formation of a contralateral stone. Previous reports of
struvite stone also describe considerable renal damage and need
for surgery [18], but include many patients who had indwelling
catheters.
Reduced GFR was caused mainly by struvite stones and,
though modest, may reflect serious injury. Creatinine clearance
can overestimate glomerular filtration rate [191, so filtration
rates of our patients may be lower than they seem. The
mechanism of the reduced GFR we have observed is presum-
ably a loss of nephrons from obstruction and infection, and one
consequence of a reduced nephron mass may be chronic
elevation of filtration pressures in the glomerulae of those that
remain, leading to focal glomerular sclerosis [201 and progres-
sive renal insufficiency. Although struvite disease may lead to
chronic renal failure, we have not yet observed this phenome-
non.
Patients who first seek care because they pass stones are less
likely than the others to have surgery or to develop a contra-
lateral stone. Stones that do not pass may cause more kidney
(4) (4) damage, from obstruction and infection, than those that do;
T T with only our present data we cannot test this idea.
Hypercalciuria was common in our patients, and has been
well documented by others [141. It was of a magnitude equiva-
lent to that of calcium—oxalate stone formers in men, and in
women with mixed stones, and presumably was partly respon-
sible for the calcium—oxalate stone material they produced. Its
mechanism was not explored here, but may be simply genetic
'idiopathic' hypercalciuria [21]. When compared to our norm-
als, even though the men were, the women with struvite stones
were not hypercalciuric; the mean values of urine calcium did
not differ though in both populations individuals were above the
conventional upper limits of normal. The absence of hyper-
calciuria is not easy to explain. Calcium excretion falls with
glomerular filtration rate [22], and women with struvite stones
had subnormal creatinine clearance—values; but men with such
stones had equivalent reductions of filtration yet were hyper-
calciuric. Another possibility is that struvite stones in men
occur mainly after idiopathic hypercalciuria has caused calcium
stones that become secondarily infected, whereas many women
become infected and develop struvite stones without ever
forming calcium stones, and without having hypercalciuria.
This implies that we have missed the calcium stones in the few
men we have classified as struvite, and have not made such an
error among the women. Resolution of the reason for the
difference in frequency of hypercalciuria is beyond the present
study, and requires an analysis of what mechanisms are pro-
ducing the hypercalciuria in these patients.
Polyuria may be a consequence of struvite stones in some
patients. Though high fluid intake is a common remedy for
stones, and could have caused the abnormally high, 24-hour
urine volumes we observed, it is difficult to imagine why men
and women with struvite stones would drink more water than
those with mixed stones or calcium oxalate stones, and why
women with mixed or struvite stones would drink more water
than those with calcium stones. A more interesting hypothesis
is that struvite stones, and mixed stones in women, cause
kidney damage that selectively affects those nephrons whose
loops of Henle extend deeply into the renal medulla and
papillary tip [23]. The result would be reduced glomerular
filtration due to the loss of the specific nephron population that
is responsible for urinary concentration [24], with polyuria as a
consequence. Recurrent obstruction can produce severe con-
centrating defects in experimental animals [25], perhaps through a
similiar mechanism.
A subset of women with calcium stones have high rates of
infection, hospitalizations and cystoscoptic examinations [26].
Among these women, stones and urinary tract infections both
begin at about the same age, and rates of infection are 15-fold
above those of other women with common calcium stones.
These patients, who are easily recognized, may be the ones who
most commonly develop mixed stones, and should, perhaps, be
singled out for particularly careful treatment to avoid selection
of resistant organisms, especially those containing urease.
Overall, primary struvite nephrolithiasis is a serious form of
stone disease with a well defined pattern of clinical behavior.
Men and women differ, in that men are almost always hyper-
calciuric, tend to present with stone passage, form mixed
stones, and have a relatively benign course. Women frequently
produce struvite stones, are less frequently hypercalciuric,
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present themselves with infection rather than stone passage,
and have a high frequency of surgery and contralateral stone
formation. Both groups are at high risk for reduced GFR,
especially once a staghorn calculus is formed. The passage of
stones is an important predictor of a relatively benign course in
both sexes. Previous suggestions that patients with struvite
stones be evaluated for the presence of hypercalciuria seem
reasonable.
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